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English Translation of Japanese 
Patent Laying-Open No. 2-291191 

Specification 

1. Title of the Invention 

Method of Manufacturing Flexible Printed 
Circuit Board 

2. Scope of Claim for Patent 

A method of manufacturing a flexible printed circuit 
board characterized in that metal foils are layered 
using a thermosetting adhesive on one or both surfaces of a 
heat resistant plastic film followed by curing , and then the 
layered metal surfaces are treated by low- temperature plasma 
of an inorganic gas . . 

3. Detailed Description of the Invention 

[Applicable Field in the Industry] 

The present invention relates to a method of 

manufacturing a flexible printed circuit board used for a 

printed circuit or the like. 

[Prior Art and the Associated Problems J 

In recent years, as electronics have come to be reduced 
in weight , thinner or miniaturized and have higher performance, 
printed boards are in great demand, particularly flexible 
printed boards are for the various uses. Accordingly, there 
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i f exists a demand for flexible printed boards which have higher 

performance, a finer pattern and uniform quality and can be 
manufactured less costly. . 

A flexible printed board is generally manufactured by the 
following steps: 

1) writing a circuit pattern on a metal surface by means 
of printing, resist or dry film process; 

2) forming the circuit by etching; 

3) removing ink, resist or the like; 

4) cover lay film processing; 

5) plating; and 

6) soldering. 

Meanwhile, the product having metal layers on both 
surfaces additionally requires the steps of previously 
producing through-holes and through-hole-plating to provide 
for conduction between the top and bottom surfaces. Recently, 
as the flexible printed board which has high performance and a 
high density has now come to be packaged with components, the 
processing of the printed circuit is more complicated. More 
specifically, circuit patterns have become finer, more steps 
of plating and soldering are involved, and the results of 
these processings greatly influence the performance and yield 
of the circuit. Therefore, in each step, the surface of the 
printed board, particularly the metal surface to write a 
circuit must be completely cleaned. More specifically, how 
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I well the surface is cleaned is greatly related to the 

adhesiveness of ink, the evenness of plating, solderability, 
and the adhesiveness of the cover lay film and sheet material. 
A contaminated metal surface with an oil film repels water and 
makes plating or soldering difficult. Thus, pretreatment such 
as grinding, soft etching and cleaning with solvent are 
necessary. Even after such treatment, partial persisting taint 
could be left, which causes incomplete plating or soldering 
and a lower yield results. 

[Means for Solving the Problems] 

The inventors eagerly studied how to solve the above 
described problems, and made the present invention, in other 
words have found out that the problems associated with the 
prior art are solved at a time by providing and curing a metal 
foil on one or both surfaces of a heat resistant plastic film 
with a thermosetting adhesive, treating the metal surfaces 
with low-temperature plasma of an inorganic gas for the 
purpose of cleaning the surfaces , and increasing the wetting 
and tension of the surfaces. 

It is an object of the present invention to provide a 
method of a high quality flexible circuit board having cleaned 
surfaces, and the object is achieved by the method as recited 
in the scope of claim for patent. 

The invention will now be detailed. 

The heat resistant plastic film according to the 
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i ) invention can include an electrically insulating film of for 

example polyimide, polyamide, polysulfide, pdlyparabanic acid, 
polyester , polyethersulfone or polyetherether . The 
thermosetting type heat resistant adhesive used to join the 
heat resistant plastic film and metal foils should have high 
adhesiveness and resistance against heat during soldering, and 
may be epoxy resin, NBR-phenol based resin, phenol-butyral 
based resin, epoxy-NBR based resin, epoxy-phenol based resin, 
epoxy-nylon based resin, epoxy-polyester based resin, epoxy- 
acrylic resin , polyamide-epoxy-^phenol based resin, polyimide 
based resin, acrylic resin and silicone based resin. The 
^ adhesive is applied preferably into a thickness in the range 

from 5 Jim to 30fim. 

The metal foils provided on the heat resistant plastic 
film according to the present invention can include copper, 
aluminum, iron, and nickel foils. In general, rolled and 
electrolyzed copper foils are mostly used for printed circuits. 
The thickness is often in the range from 18 \m to 70 |iim. 

The heat resistant plastic film and the metal foils are 
joined by a known -met hod . In general, the heat resistant 
plastic film is coated with an adhesive by a roll coater, the 
solvent is evaporated and removed using an in-line drier, a 
metal foil is thermally joined under pressure onto the film 
t using a heated pressure (heat) roller in the half cured state, 

and the metal foils are continuously provided. The product 
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having metal foils on both surfaces is produced by conducting 
the above process one more time, in other words application of 
the adhesive, drying and pressure rolling the film and the 
metal foils. 

The board with the metal layers is heated and matured in 
a cure oven at a temperature in the range from 80°C to 200°C 
for 1 to several tens of hours for the purpose of curing the 
adhesive and improving the physical properties. During the 
process up to this point, the surface of a metal foil may be 
contaminated on a number of occasions, for example, when a 
volatile component sticks to the copper surface during 
removing the solvent after the application of the adhesive, 
when the metal surface is in contact with various rolls such 
as laminated rubber roll, and when a volatile component 
generated in the cure oven sticks to the metal surface during 
curing the adhesive. This is probably because a very thin 
organic film forms on the surface. The contamination adversely 
affects the surface tension, water wettability, printing 
characteristics, the plating wettability of the metal surfaces, 
and therefore according to the invention, the metal surfaces 
of the film is treated by low-temperature plasma of an 
inorganic gas after the curing of the adhesive as described 
above in order to clean the surfaces and improve the surface 
tension. 
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According to the method of treating by the low- 
temperature plasma, the film is passed through a pressure- 
reducible low^temperature plasma treatment device, in which 
the pressure is maintained in the range from 0,001 torr to 10 
torr, preferably in the range from 0.01 torr in the atmosphere 
of an inorganic gas, D.C. or A.C. current about in the range 
from 0.1 to 10 KV is applied between electrodes to cause glow 
discharge, the low-temperature plasma of the inorganic gas is 
generated, and the film is moved to continuously treat the 
surfaces with the plasma. The plasma treatment preferably 
lasts for 0.1 to 100 seconds. The inorganic gas used may be an 
inert gas such as helium, neon and argon, oxygen, nitrogen, 
carbon monoxide or air. The plasma treatment removes the 
contamination such as thin organic film formed on the surfaces 
and/or improves the surface state, and the hydrpphilic 
property and surface tension improve as well as the 
wettability. 

The present invention will be more specifically described 
by referring to embodiments and comparison examples, but the 
invention is not limited to these embodiments . 

According to the invention the cleaned state of the 
surfaces was evaluated based on the wettability of the metal 
foils after being soaked in water, because the position with 
contamination repels water. 

Method of Evaluation 
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1) Wettability 

The board is cut out into a 300 X 300mm square, immersed 

in water for 10 seconds, then let stand horizontally with its 
metal surface facing up for 30 seconds, and the wet area 
(which does not repel water) is evaluated as follows. 

©: 100% (the entire surface) wet (no repelling) 
O: 80 to 100% wet 
A : 60 to 80% wet 
X : 60% or less wet 
2^ Change with Time 

A treated sample is placed in an oven at 50°C f and taken 
out a prescribed number of days later, and the wettability of 
the sample is measured as defined above. 

Number of days for treatment: 10, 30 and 50 days 

3) Adhesiveness of Printing Ink 

The metal surface of the board is printed with resist ink 
by screen printing and the adhesiveness of the coated film 
(matrix adhesiveness) is tested. 

10.0/100: adhered well 
0/100: come off entirely 
(Embodiments 1 to 16, comparison examples 17 to 18) 
An epoxy based resin adhesive was coated on a 25\m thick 
polyimide film by a roll coater into a thickness of 20*im when 
dried, and dried by heating at 80°C for 2 minutes, and 120°C 
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for 5 minutes , a 35\m thick electrolyzed copper foil JTC 
(Nihon Kogyo Sha, trade name) was then thermally press-rolled 
contacted thereto using a roll laminater (combination of a 
steel roll and a silicone rubber roll) at a temperature of 
140°C, under a line pressure of lOkg/cm and at a speed of 
2m/min, followed by winding into a roll to produce a 
multilayer film intermediate product having its one surface 
laminated with a flexible copper foil. For the product having 
both surfaces with metal , the above one surface metal product 
was additionally coated with an adhesive on its polyimide 
surface followed by drying , and was provided with an 
electrolyzed copper foil by pressure (heat) rolling to obtain 
the both surface intermediate product. Thus obtained product 
was placed in a convection type oven, cured at 160°C for 5 
hours, and the film having its one surface or both surfaces 
laminated with copper resulted, which was subjected to plasma 
treatment using a continuous plasma treatment device. In the 
treatment, oxygen was supplied under a reduced pressure of 0.1 
torr at 1^/min, and voltage at 2kV and llOKHz was applied at 
input and treatment speeds as given in Tables 1, 2 and 3. 

In the device, four electrodes were disposed in a 
cylindrical manner, the film was moved for treatment along the 
outer periphery of the electrodes at the distance of 40mm 
apart from the electrodes, and the water wettability, and • 
change with time of the copper surface and the adhesiveness of 
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(f ■ 

) printing ink were as given in Table 1 for the single surface 

product and in Tables 2 and 3 for the both surface product. 
Films not treated with plasma were also similarly evaluated as 
comparison examples , the result of which is given in Table 3. 
[Effect of the Invention] 

The present invention is directed to a method of 
manufacturing a flexible printed circuit board characterized 
in that onto one or both surfaces of a heat resistant plastic 
film, metal foils are joined by a thermosetting adhesive 
followed by curing, and the metal surfaces are treated by low- 
^ temperature plasma of an inorganic gas. The flexible printed 

circuit board manufactured according to the method has 
completely cleaned metal foil surfaces, and improved surface 
tension, and theretofore the adhesiveness of ink, wettability, 
evenness in plating, solderability, and the adhesiveness of 
cover lay film and a sheet material are improved. As a result, 
plating and soldering faults are reduced even if part of 
pretreatment steps including grinding, soft etching and 
cleaning with solvent as conventionally performed are omitted, 
the board yield improves, the manufacturing process can be 
simplified and therefore the invention is highly applicable in 
the industry. 

c 
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Table 1 Embodiments 1-6 


" ' ^^JJo^^^ 

1 

2 

3 

4 

5 

6 

Board 

single- 

single- 

single- 

single- 

single- 

single- 


faced 

faced 

faced 

faced 

faced 

faced 

Plasma Conditions 







Power (kw) 

10 

10 

20 

20 

30 

30 

Speed (m/min.) 

20 

30 

30 

AO 

50 

60 

Evaluation of 
Physical Properties 
Wettability of 
Copper Surface with 
Water 

Adhesiveness of 
Printing Ink 
Change with Time 
Wettability with 
Water 

10 days later 
30 days later 
50 days later 

© 

100/100 

o 

® 
® 

© 

100/100 

® 
o 

O 

© 

100/100 

© 
© 
© 

© 

100/100 

© 
© 
© 

© 

100/100 

© 
© 
© 

© 

100/100 

© 
® 
® 
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Table 2 Embodiments 7-12 



7 

8 

9 

10 

11 

12 

Board 

double- 

double- 

double- 

double- 

double- 

double- 


faced 

faced 

faced 

faced 

faced 

faced 

Plasma Conditions 







Power (kw) 

5 

5 

10 

10 

20 

20 

Speed (m/min.) 

10 

20 

10 

20 

30 

40 

Evaluation of Physical 
Properties 

Wettability of Copper 
Surface with Water 

Side A 

Side B 
Adhesiveness of 
Printing Ink 

Side A 

Side B 
Change with Time 
Wettability with Water 

10 days later 

30 days later 

50 days later 

® 
© 

100/100. 
100/100 

© 
© 
© 

© 
© 

100/100 
100/100 

© 
© 
© 

© 
© 

100/100 
100/100 

© 
© 
© 

© 
© 

100/100 
100/100 

© 
© 
© 

© 
© 

100/100 
100/100 

© 
© 
© 

© 
© 

100/100 
100/100 

© 
© 
© 
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Table 3 Embodiments 13-16 f Comparison Examples 17-18 


---^_No. 

■ ^ 

13 

14 

15 

16 

17 

18 

Board 

double- 

double- 

double- 

double- 

single- 

double- 

faced 

faced 

faced 

faced 

faced 

faced 

Plfl^ma Conditions 







P nwp r f lew } 

5 

1 

1 

0,5 

none 

none 

Sneed (m/min.) 

30 

30 

50 

50 

none 

none 

Evaluation of 







Physical Properties 







Wettability of 







Copper Surface with 







Water 







Side A 

® 

© 

© 

O 

X 

X 

Side B 

® 

© 

© 

o 


X 

Adhesiveness of 







Printing Ink 





60/100 


Side A 

100/100 

100/100 

100/100 

100/100 

50/100 

Side B 

100/100 

100/100 

100/100 

100/00 


60/100 

Change with Time 







Wettability with 







Water 






A B 

10 days later 

o 

© 

© 

O 

X 

X X 

30 days later 

® 

o 

o 

A 

X 

X X 

50 days later 

o 

o 

A 

X 

X 

X X 
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